Dermatophytes are capable of infecting the skin and its appendages such as nails and hairs producing a variety of clinical conditions. Hair invasion by dermatophytes is a key feature of tinea capitis and tinea barbae but not of tinea of glabrous skin. In this project, we studied the clinico-mycological aspects of follicular involvement in patients with dermatophytosis of the glabrous skin. In total, 16 patients, eight males and eight females, were included in the study. All were adults except for one girl. The disease durations ranged from one month to more than ten years. Fourteen (78.5%) had multiple lesions, and most of them had undergone treatment with antifungals, antibiotics, or steroids. Dermoscopic examination showed infected hairs in the form of broken stubs, coily, curly, or as black dots on the surface of the lesions. Pathogens were either anthropophilic (seven cases of Trichophyton rubrum) or zoophilic (six cases Microsporum canis, three cases of the T. mentagrophytes). Patients responded well to oral griseofulvin or terbinafine, and topical antifungals. No antifungal resistance developed during the treatment course. Follicular involvement of glabrous skin is not as rare as previously thought and should be considered for systemic antifungal treatments.
Introduction
Hair involvement is the key feature of tinea capitis and tinea barbae, where fungal spores/hyphae can be seen in or on the hair shaft. Microscopic examination of infected hairs is a useful tool to ascertain the type and extent of hair involvement. In clinical practice, systemic antifungals are required for patients with tinea capitis, tinea barbae, and Majocchi's granuloma, in order to eliminate the infective agent located in the hair follicles. Topical antifungals are likely to be effective for patients with superficial infection unless a large body surface is involved.
Tinea of the glabrous skin, such as tinea faciei and tinea corporis, are common and can easily be treated with topical antifungal agents. In rare occasions, the dermatophytes invade the follicles on the skin, resulting in poor response to topical antifungals. In the present study of 16 cases of tinea of the glabrous skin, we present the microscopic as well as dermoscopic features of infected hairs, pathogenesis pathology, and dermatophyte species involved along with their antifungal susceptibility pattern.
Methods

Patients
Patients from outpatient clinics of Chang Gung Memorial Hospital, Linkou Branch, and Mackay Memorial Hospital, Taipei Branch in Taiwan, who were diagnosed with tinea of glabrous skin with follicular involvement during 2013-2015, were enrolled. The diagnoses were made by finding fungal spores in hairs and/or by skin histopathology. Diseased hairs and scales were collected for fungal culture. If zoophilic dermatophytes were isolated, the history of animal contact was sought for, and fungal cultures were attempted from the animal fur by Mackenzie's hair brush technique, 1 whenever possible. Patients with symptoms of itching or scaling on their scalp were screened with the same method. Repeated microscopic examinations of hairs and scales as well as fungal cultures were performed during the whole treatment course whenever possible. Failure to reisolate the fungal pathogen after the treatment was regarded as mycological cure and documented as such. A resolution of the clinical signs and symptoms but a positive culture or the culture was not carried out at the time of last visit the case was documented as clinical cure. If the lesions subsided partially, and no culture was carried out at the time of last visit, the case was documented as improved.
Isolation and identification of the pathogens
Clinical samples were inoculated on Mycosel TM agar (BD) and incubated at room temperature. The fungal colonies from Mycosel agar were subcultured on potato dextrose agar for further identification. Microsporum isolates were identified by conventional mycological techniques. The Trichophyton isolates were further subjected for molecular studies.
Molecular identification
Internal transcribed spacers (ITS) of ribosomal DNA were amplified with primer set of ITS1 and ITS4. 
Antifungal susceptibility testing
The susceptibility profiles of some isolates to griseofulvin, itraconazole, terbinafine and voriconazole were determined. 
Results
The details of 16 patients in this study are summarized in Table 1 .
Demographic characteristics
Except for case 9, who was an 8-year-old girl, the rest of the patients were adults between the ages 20 and 55 years. The number of male and female patients was equal. Disease durations ranged from one month to as long as 10 years. The patients had multiple lesions present at different body sites except for one who had a single lesion. Arms were the most common body site involved. Most skin lesions were round maculopatches and/or papulopatches with varying degrees of scaling. Telangiectasia and pustules were also noted in some patients. In sum, 75% of patients gave history of treatment with topical antifungals, steroids, or both. Four patients had underlying systemic medical conditions, they included systemic lupus erythematosus (case 3), thyroid disease (case 5), rheumatoid arthritis (case 12), and mycobacterial infection of the lung (case 16).
Pathogens
Trichophyton rubrum was the most common dermatophyte isolated (7/16), followed by M. canis (6/16), and T. mentagrophytes (3/16) . Nearly all cases infected by zoophilic dermatophytes had a history of animal contact. Patients infected by M. canis either had cats at home or had close contacts with cats. Case 2 raised a Chinchilla cat at home, which had a history of fungal infection and had been treated at a veterinary clinic. Case 3 raised two cats at home. These three cats had M. canis at least on their fur coat. Three patients were infected by T. mentagrophytes; two raised rabbits at home and one handled an experimental rabbit. Screening rabbits for dermatophytes was not possible since one animal had already died, the other one was given away, and the experimental rabbit had already been sacrificed. Case 1, who had no direct contact with an animal, had taken care of a child with a fungal infection. Case 1 also had a scaly patch on the right occipital region and the culture by hair brush technique yielded M. canis. Case 3 had an itchy scalp, however, the hair brush technique did not yield any pathogens.
Dermoscopic appearance of infected hairs and correlation between pattern of hair invasion and pathogens (Fig. 1)
Based on dermoscopic morphology of diseased hairs, they were classified as 'black dot' (hairs broken at the level of skin surface), short broken hairs (straight), curly hairs (bending but not completely circular), and coily hairs (completely circular). Short broken hairs were the most common (13/16), followed by coily hairs (7/16), black dots (5/16), and curly hairs (3/16). Eight out of 16 cases had more than one type of diseased hairs. Microscopically, nine were ectothrix-type, and two were endothrix-type. In case 12, endothrix-type was noted on her cheek hair and ectothrixtype on her forearm. In three cases with follicular permeation, fungal hyphae tangled around the hair shafts without invasion of the medulla. (Fig. 2 ). All hair invasions by M. canis and T. mentagrophytes were ectothrix, whereas those by T. rubrum were either ectothrix or endothrix or both. In the three cases with follicular fungal permeation, two were caused by T. rubrum and one by M. canis.
Histopathology (Fig. 3)
Four patients were subjected for skin biopsy. KOH examinations of three of these cases were negative for fungal elements before the biopsy (cases 1, 3, and 5). The clinical impressions of these four cases included pityriasis rosea, autoimmune disease, subacute cutaneous lupus erythematosus, pustular psoriasis, and fungal infection. Three cases had fungal invasion of hair shafts associated with fungal elements in stratum corneum. Case 1 had obvious follicular fungal invasion, but without fungal elements in stratum corneum. No granulomatous lesions were noted in all the four cases.
Antifungal susceptibility studies (Table 2)
The minimal inhibitory concentrations (MIC) are summarized in Table 2 . The MIC 90 values of M. canis were: griseofulvin = 0.5 μg/ml, itraconazole = 0.004 μg/ml, terbinafine = 0.06 μg/ml, voriconazole = 0.125 μg/ml. No resistance to griseofulvin was noted during the course of treatment.
Treatment and the outcome
Concomitant oral and topical antifungals were prescribed to most of the patients. Among the nine patients who completed the oral antifungals (labeled as "cured" in Table 1 ), eight patients were treated with griseofulvin, and the other one with terbinafine. The treatment duration ranged from 4 to 14 weeks with a mean of 7.6 weeks. The lesions of case 2 subsided considerably after the treatment. However, M. canis could be reisolated from her lesions at the time of her last visit. The patient failed to report for follow up. Hence the outcome of the case 2, was regarded as 'improved'. Case 6 had waxing and waning of lesions for 3 years because of poor compliance. Cases 4 and 13 responded to treatment but failed to complete their treatment course. Cases 7 and 8 never turned up after their first visit.
Discussion
The clinical entity 'tinea folliculorum' was first described by Broughton in two cases of ringworm of the back. 2 Subsequently, the condition has been referred to by a variety of names, such as tinea follicularis cruris, follicular inflammatory trichophytia, follicular trichophytosis, granulomatous follicular dermatophytosis of the legs, trichophytia profunda acuta of the glabrous skin, and black dots ringworm. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Here in the present study, term tinea folliculorum is referred to dermatophytic infections of the hair follicles lacking typical clinical and histopathological features found in cases of Majocchi's granuloma. 13 Some reported cases of tinea incognito, where typical signs and symptoms of tinea are masked due to topical therapy, may in fact be tinea folliculorum. Evolution of tinea folliculorum is illustrated in Figure 4 . A typical tinea corporis or tinea on glabrous skin is shown in Figure 4b , where fungal hyphae are abundant in the stratum corneum only. At this stage, tinea is easily diagnosed and treated with topical antifungals. Follicular invasion may ensue in cases where the treatment is incomplete or misuse of topical steroids. Tinea folliculorum sets in with follicular permeation, wherein the fungal hyphae creep into hair follicles, tangling around hair shafts only (Fig. 2, Fig. 4c) . The fungal hyphae then invade the hair shafts, resulting in breaking off of the hair shaft at the level of the skin surface ( Fig. 4d1 and d2) . Spores are likely to persist even after topical antifungal therapy, which normally would have cleared the fungal hyphae in the stratum corneum (Fig. 4d1) , leading to a negative result when skin scales are examined by microscopy. Soon after withdrawal of the topical antifungals, the spores in the hair shafts may proliferate and the lesions may recur. While the dermatophytes proliferate in the hair shafts, they increase the immune reaction at the hair follicles, which are gradually degenerated (Fig. 4e) . The extreme condition of tinea folliculorum is the formation of Majocchi's granuloma, where the hair shafts are considerably damaged by dermatophytes, with only hair remnants seen in histopathology sections (Fig. 4f) .
Cases of tinea folliculorum have been reported in all age groups. Two series of cases are available in the literature. 14, 15 One is from Spain and the other from Italy, mostly involving the children under 10 years. The study from Spain included 13 cases with T. mentagrophytes, M. canis, and M. gypseum infections, and all patients were nonresponsive to topical antifungals. The Italian study included 46 cases of facial infections by M. canis and 32% of cases had vellus hair invasion. There are several studies involving adolescents and adults as well. [9] [10] [11] [12] [16] [17] [18] [19] [20] [21] Trichophyton tonsurans is the most common pathogen, which caused black dots ringworm [10] [11] [12] and tinea with acute inflammation 17 on extremities of the five patients of judo wrestlers. Epidermophyton floccosum has been reported once in a Japanese man who had a lesion on his left wrist, where a follicular invasion proven by skin histopathology examination. 9 Six patients had lesions on periorbital areas caused by M. canis, T. mentagrophytes, T. verrucosum, and M. audouinii; five had tinea on eyelids and fungal invasions to eyelashes, 16, [19] [20] [21] and one had tinea and broken hairs on her right eyebrow. 18 The cases investigated in the present study were mostly from adults, and T. rubrum was the most frequently isolated dermatophyte.
Dermoscopy, widely used for diagnosis of pigmented skin lesions, is also useful for diagnosis of fungal infections of the hair, where damaged hairs may exhibit a variety of changes such as 'barcode-like', cork-screw like, and comma-shape patterns. 18 Damaged hairs in the cases that we studied were short and broken, curly, or coily, or a combination of these features. Although terbinafine is said to be more effective than griseofulvin in treating infections with Trichophyton species, 22 our patients responded well to the griseofulvin.
Waxing and waning of the lesions may give an impression that it is due to resistance to antifungals. But the susceptibility pattern of the isolates suggested otherwise. It is likely that the dermatophytes took shelter in the follicles without being exposed to the antifungals during the protracted course of tinea folliculorum. It is worthwhile to keep in mind that some amount of telangiectasia induced by exposure to topical steroids earlier may make it difficult to assess the efficacy of the treatment in cases of tinea folliculorum. Furthermore, fungal load is substantially reduced after antifungal therapy and often it is difficult to demonstrate them by microscopy. For example, in case 9, although the lesion erythema subsided and broken hairs disappeared after a course of oral griseofulvin for a period of 4 weeks, M. canis could still be isolated at 4th and 8th week after the cessation of the treatment. It took another 14 weeks to achieve mycological cure. A clinical cure cannot be considered a treatment success for tinea folliculorum, because it may endure through a treatment ended too early and recur afterward. 
